Purpose: The aim of this 1-year randomized trial was to determine the stability and the magnitude of the effect of converting patients' conventional mandibular dentures to implant overdentures (IODs) on their satisfaction and oral health-related quality of life (OHRQoL). The IODs were retained either with two immediately loaded interconnected standard-sized implants or with four immediately loaded MDIs.
INTRODUCTION
The immediate loading concept in completely edentulous patients in need of mandibular implant overdentures (IODs) is considered a viable treatment option. 1 The proposed advantages of such protocols are a reduction in the number of surgical and prosthodontic procedures, associated clinical time, healing periods and treatment costs. Initially, the use of four splinted implants was considered mandatory to obtain long-term favorable results. 2 More recent studies on the immediate loading of two implants with an overdenture have also shown promising results. 3, 4 However, a limitation of immediate loading treatment protocols has been the diameter of the implants. In cases where the residual bone width is limited, patients still need to undergo a bone augmentation procedure before standardsized implants can be inserted. 5 An alternative to standard-sized implants in the edentulous mandible is the use of Mini Dental Implants (MDIs). The MDI is a one-piece implant that does not require a separate abutment. This simplifies the restorative phase resulting in reduced costs for the patient. Several studies have advocated the use of MDIs to support mandibular overdentures indicating favorable clinical and radiographic outcomes. 6, 7 The narrow diameter of the MDIs allows often a simplified insertion technique involving placement without raising a flap. 8 Beyond clinical findings, patients' acceptability and perception of how implant treatment contributes to their Oral Health Related Quality of Life (OHRQoL) and overall satisfaction are also important factors that affect the overall success of IODs. For this purpose, general satisfaction ratings on a Visual Analog Scale (VAS) as well as the Oral Health Impact Profile (OHIP) questionnaire have been extensively used. It has been shown that a denture-specific short version of the OHIP (OHIP-20) possesses good psychometric properties, being very useful for clinical trials of oral prostheses. 9, 10 The evaluation of patients' satisfaction with IODs retained by immediately loaded MDIs has also shown positive results. 11, 12 Until now, however, there are no prospective studies comparing patients' OHRQoL and satisfaction levels with mandibular overdenture retained by either immediately loaded standard-sized implants or MDIs. The aim of this 1-year randomized trial was to evaluate and compare patients' satisfaction and OHRQoL after converting their conventional mandibular dentures to implant overdentures. The IODs were retained either with two immediately loaded interconnected standard-sized implants or with four immediately loaded MDIs.
MATERIALS AND METHODS
The study population consisted of 50 patients who experienced problems with the retention of their existing conventional mandibular dentures. The study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2000. Ethical approval was obtained from the local ethical review board (METc VUmc registration number 2013/208, Amsterdam, Nederlands). The study was conducted at the department of Oral Implantology and Prosthetic Dentistry, Academic Centre for Dentistry Amsterdam (ACTA), University of Amsterdam and Vrije Universiteit Amsterdam from September 2013 to Sept 2016. A number of patients was recruited through internal referral at ACTA. These were patients who were previously provided with conventional dentures and they were not satisfied with the retention and function of the mandibular denture. Patients were also recruited following advertisements placed in local newspapers circulated within the city of Amsterdam, the Netherlands.
Inclusion criteria dictated that the patients should be completely edentulous for at least six months, had a maladaptive mandibular denture, and had adequate bone for an implant length of at least 10 mm and diameter of at least 3.3 mm. The exclusion criteria were: (1) patients who received radiotherapy to the head or neck region for malignancies, (2) patients on long-term steroids, immunosuppressants, or bisphosphonates, (3) smokers, (4) patients with physical and mental disabilities which interfere with the maintenance of implants and (5) patients with systemic diseases precluding implant surgery.
All patients signed an informed consent and underwent a clinical and radiographic examination. The dentures were examined in the mouth for retention, stability, aesthetics and phonetics. In cases where the existing dentures were judged to be technically insufficient new sets of dentures were fabricated first. If the only inadequacy was lack of retention of the mandibular denture, the existing ones were used. In group 1, 14 out of the 25 patients received new dentures prior to implant treatment, in group 2B 8 out of 15 patients and in group 2B 7 out of 10.
Two groups of patients were randomly formed. Group 1, in which the mandibular overdentures were retained by four immediately loaded MDIs with an O-ring attachment system and group 2, in which the mandibular overdentures were retained by two standardsized, tissue level (STL) immediately loaded implants with a bar-and-clip attachment system. It was not possible to apply the immediate loading protocol in all patients in group 2. Therefore, these patients were divided in two subgroups: group 2A (immediate loading, n=15) and group 2B (delayed loading, n=10).
Interventions
The patients rinsed with chlorhexidine digluconate solution (0.12%) for one minute before the operation. No prophylactic antibiotic regimen was used. The surgical field was infiltrated with articaine (Ultracaine® D-S Forte Sanofi-Aventis Deutschland GmbH).
Group 1: Four MDIs with O-ring attachments

Surgical procedures
After a midcrestal incision, a full-thickness flap was elevated to expose the surgical site in the lower anterior mandible. If bone irregularities were present, the alveolar bone crest was flattened with a large round bur. The mental foramen was identified bilaterally prior to implant placement to ascertain its position. The implants were symmetrically positioned through the midline at a distance of at least 5 mm apart. The implants were placed according to the surgical protocol recommended by the manufacturer. The cortical bone was perforated with a pilot drill to an average depth of one-third to one-half the threaded length of the implant. Each implant was inserted using a self-tapping insertion technique. The implant was inserted to its final position with the torque wrench to a minimum of 35 Ncm to allow for immediate loading. Each patient received four MDIs (3M ESPE MDI, Seefeld, Germany) in the interforaminal mandibular region. The diameter of the implants was 1.8 mm, 2.1 mm or 2.4 mm, while the length ranged from 10 to 18 mm.
Prosthetic procedures
An indirect restorative protocol was applied to modify the existing prosthesis to an implant-retained overdenture. The existing mandibular dentures were hollowed out and utilized as impression trays to pick up the impression copings. In cases where the soft tissue prevented full engagement of the copings on the implants, the impression of the O-ball head of the implants was made without using the impression copings. A polyether impression material was used (3M ESPE Impregum) to record each implant's position accurately. Standard stone model fabrication techniques were used to form the models. The dentures were modified in the laboratory by polymerizing the female housings into the denture base. The dentures were incorporated at the same day of implant placement.
Group 2: Two STL implants with a bar-and-clip attachment
Surgical procedures
The surgical protocol for the conventional implants was similar to the one described by Stoker and Wismeijer. 3 The location of the implant sites was established at an area corresponding to the contact point between the mandibular lateral incisor and the canine, at which a perforation was made starting at the deepest point of the fitting surface of the denture. A crestal incision was made and the mucoperiosteum was elevated both on the labial and lingual aspects. When appropriate, the alveolar crest was slightly trimmed with a bur. The osteotomy was prepared using consecutive twist drills (institute Straumann AG, Basel, Switzerland) according to the implant manufacturer's guidelines. Two endosseous implants (SLActive Standard or Standard plus, Regular Neck Straumann®, Institute Straumann AG, Basel, Switzerland) were inserted and tightened with a torque of at least 30 Ncm. The diameter of the implants was either 3.3 mm or 4.1 mm and their length 10 mm or 12 mm.
Prosthetic procedures
For the implants that achieved the desired primary stability, transfer copings were inserted. Each denture was adjusted to prevent any contact between each coping and the denture base. The denture was used as an impression tray, and an impression was made under light occlusal pressure using a polyether impression material (3M ESPE Impregum). The impression was sent to the laboratory where an egg-shaped Dolder bar (CMST53012P20, Cendres et Métaux SA, Biel, Switzerland) was constructed soldering the bar gold copings (048.204, Straumann AG) with bar segments. A metal clip was incorporated in the intaglio surface of each denture as a retention attachment. The following day, two SynOcta® abutments (048.601, Straumann AG) were connected to the implants and torqued to 25 Ncm with a standardized manual torque. The accuracy of the bar fit was checked intraorally. The bar then was torqued according to the manufacturer's instructions and the denture was delivered to the patient. For several patients of group 2 it was not possible to apply the immediate loading. In these cases, a delayed loading protocol was followed (Group 2B).
All patients, for both groups, were advised to rinse with chlorhexidine digluconate solution (0.12%) twice a day for one week after the operation. They were instructed not to remove their mandibular overdentures for the first 48 hours to prevent tissue overgrowth. After this initial period, they were instructed to take the dentures out at night. All patients were advised to eat soft foods for four weeks. They received detailed instructions for adequate plaque control and regular follow-up appointments were scheduled. All surgical and prosthodontic treatments, as well as the postoperative follow-up clinical examinations, have been performed by the same clinician who was not blinded for the treatment conditions.
Outcome measures
Before receiving the assigned treatment, participants completed a questionnaire prompting information on sociodemographic data (age, gender, education level, number of years being edentulous). Self-administered questionnaires were given to the patients before implant placement (baseline; which was four weeks after the fabrication of a new denture, when indicated) and at 3 and 12 months after delivery of the IODs.
To measure OHRQoL, the OHIP with 20 items (OHIP-20) was used. The items of this version were scored on a six-point scale, ranging from 1 (never) to 6 (all the time), higher scores thus indicating a lower level of OHRQoL. The total score was computed for the OHIP-20 when there were no more than four missing values per patient. The scores for the seven domains (functional limitations, physical pain, psychological discomfort, physical disability, psychological disability, social disability and handicap) were computed when a maximum of one item had a missing value. The missing data points were replaced by the mean of that patient for each scale. A total OHIP score was obtained by summing up the scores for all the domains. Subscale scores were created by summing the responses to the respective questions.
1-year randomized trial: Patient-based outcomes
In addition, each subject was asked to rate their level of general satisfaction on a 100-mm VAS, as well as the comfort, aesthetics and stability of their overdentures, and the ability to chew, clean and speak. For this purpose, the VAS questionnaire proposed by Awad & Feine was used. 18 The VAS carried the anchor words "not satisfied at all" (0 mm) to "completely satisfied" (100 mm). The mean values and SDs of patients' satisfaction in general and in specific aspects were calculated. The seven domains assessed were general satisfaction, easiness to clean, ability to speak, comfort, aesthetics, retention and chewing ability. Patients' satisfaction levels were evaluated before implant placement, 3 and 12 months after the IODs were inserted.
Statistical analysis
Baseline demographics and baseline ratings of the outcome measures were compared between the three groups using one-way ANOVA and X 2 -tests. A two-way mixed ANOVA (Group [3 levels] X Time [repeated measure, 3 levels]) was used to assess a difference in satisfaction and the OHIP-20 scales between the different measurement moments. The interaction effect was assessed to indicate whether an existing increase in these scores was related to a treatment group. Statistical analysis was performed using IBM SPSS Statistics 23 (IBM Corp. 2015).
RESULTS
The final sample size consisted of 50 patients, 24 men and 26 women aged between 47 and 83 years. 25 patients received the four MDIs in the anterior mandible that were immediately loaded with an implant-retained overdenture (group 1), whereas the other 25 received two standard-sized, interconnected implants. In the latest group, it was possible to load the implants immediately in 15 patients (group 2A). For the remaining patients, a delayed loading protocol was followed which involved loading of the implants three months after placement (group 2B). The follow-up protocol for this group was the same as for the other two groups, and this group was treated as a separate group in the dataanalysis. One patient from group 2A was eliminated because he failed to attend the 3 and 12 months follow-up visits. Apart from this patient, all remaining patients were available for all scheduled follow-up visits. The number of new or existing conventional dentures that were modified to IODs was equally distributed in the groups (Χ 2 =0.77, df=2, p=0.682). The sociodemographic characteristics of the sample are presented in Table 1 . There were no statistically significant differences between the groups at baseline regarding these characteristics. The baseline ratings of the outcome measures are shown in Tables 2  and 3 . None of the visual analogue scales and OHIP-20 domains showed a statistically significant difference between the groups at baseline (all p's>0.05). The mean scores and standard deviations (SDs) of patients' satisfaction levels at followup are shown in Table 2 , including the results of the two-way mixed ANOVA (main effect for time and interaction effect). There was a difference in general satisfaction (F 2,44 =81.006, p<0.001) between baseline and 3 months and between baseline and 12 months postoperatively, indicating an increase in satisfaction. This increase did not differ between the three treatment groups (F 4,90 =1.838, p=0.128). Similarly, there was a difference in the ability to speak, in comfort, aesthetics, retention, and ability to eat between baseline and 3 months and between baseline and 12 months postoperatively, indicating an increase in all these subscales. This increase did not differ between the three treatment groups for all those subscales. There was no difference between the three measurement moments in satisfaction with regard to keeping the prosthesis clean (F 2,44 =2.205, p=0.122 for the main effect; F 4,90 =0.914, p=0.459 for the interaction effect).
The OHIP-20 mean scores and SDs at follow-up are shown in Table 3 . The mean overall OHIP and all of its subscales were statistically significantly different postoperatively versus baseline. There was a difference in the mean overall OHIP scores (F 2,43 =46.863, p<0.001) between baseline and 3 months and between baseline and 12 months postoperatively, indicating an increase in patients' quality of life. This increase in OHRQoL did not differ between the three treatment groups (F 4,88 =0.608, p=0.658). Patients scored lower on the OHIP-20 post-treatment than at baseline for all seven domains; there was a statistically significant difference in all of these domains between baseline and 3 months and between baseline and 12 months postoperatively. This decrease in the scores did not differ between the three treatment groups for the seven domains. 
DISCUSSION
The findings of the present study illustrated that after replacement of conventional dentures with IODs, there was a dramatic improvement in both patients' satisfaction level and OHQoL. This was true for both the IODs retained by standard-sized implants (regardless of the time of loading) and the IODs retained by MDIs. Subjects reported significant improvement in general satisfaction. The patients rated also most of the other functional aspects of the prostheses (speech, comfort, aesthetics, ability to chew, retention) significantly higher when wearing IODs than when they were still wearing conventional dentures. Likewise, all participants reported statistically significant enhancement in their OHQoL as a total, as well as with specific question items. The outcome furthermore indicated that this enhancement was independent of whether the patients were treated with four MDIs and O-rings attachments or two standard-sized, tissue level implants and a bar attachment mechanism. The observed differences were maintained over a 1-year period. After the conversion to IODs, however, there was no improvement in the ability to clean easily under the prostheses. Probably that was because in several cases the IODs had to be relieved in the anterior region after the inseriton of the implants, as a result of the swelling and the subsequent pain that the patients experienced during insertion of the dentures. This might have led to a food trap under the IODs compromising patients' ability to maintain good oral hygiene. There were no aspects in which the patients' satisfaction scores became significantly worse following treatment.
The positive effects were rather expected since it has been argued that conventional dentures are unlikely to meet patients' expectations of satisfaction. 13 Moreover, it has been shown that mandibular two-implant overdentures are a more satisfactory therapy than conventional dentures for edentulous patients. 14 Thomason et al reported high satisfaction scores given by the patients six months after provision of implant overdentures in the mandible. In their study, patients with implant overdentures retained by standard-sized implants rated their general satisfaction approximately 36% higher than did patients with conventional dentures. 15 The aforementioned studies referred to a delayed loading protocol. In our study, all patients who received standard-sized implants to retain IODs reported a significant improvement of their satisfaction levels, regardless whether an immediate or a delayed loading protocol was followed. The number of studies that have assessed patients' satisfaction with IODs using a structured questionnaire when an immediate loading protocol was applied is limited. In one of them, conversion of a conventional denture to an IOD had a positive effect on patients' perception of stability and retention, measured on a VAS. 16 With regard to patients' satisfaction with IODs retained by four MDIs, the results are in accordance with those obtained by Elsayd et al, who evaluated patients' satisfaction during a 5-year prospective clinical study with IODs retained by immediately loaded MDIs. 12 Significant positive differences were detected between observation times with regard to comfort, eating food, speaking, appearance, stability/retention of the IODs and socialisation. The main limitation of that study was the failure to use a comparison group, as well as baseline ratings of patients' satisfaction before implant placement, which made it difficult to attribute the changes observed to the therapy provided. Another prospective study showed that IODs retained by MDIs were rated significantly better than complete conventional dentures. The patients reported the greatest improvement on stability, comfort and chewing ability -especially in the ability to chew hard and sinewy food particles. 17 In the present study we used the VAS questionnaire proposed by Awad and Feine. 18 This is a validated questionnaire that has been found to be sensitive in the edentulous population. It includes detailed questions with regard to specific treatment characteristics that patients consider important, giving an insight into which aspects might be improved by dental prostheses retained by implants.
With regard to patients' perception of the impact of oral disorders on their psychosocial well-being, the OHIP, developed by Slade and Spencer in 1994, is the most comprehensive and widely used measurement method. 19 Although a short version was introduced for edentulous patients, a modified shortened version that has measurement properties comparable with the full version, was proposed by Allen and Locker as more appropriate to use for this group of patients. 9 Based on measurement of OHQoL with the OHIP-20, the findings from a randomized controlled clinical trial indicated that edentulous patients who had received IODs experienced greater improvement than did patients who had received conventional dentures. 20 Heydecke et al has used the 20-item version of the OHIP (OHIP-20) to compare the impact of IODs on OHQoL in completely edentulous patients. 10 The results indicated that IODs retained by two implants did impact greatly on the OHQoL parameters. In these studies standard-sized implants were used which were loaded several months after implant placement. By contrast, Scepanovic et al has used the OHIP-20 to evaluate the OHQoL for patients wearing IODs retained by immediate loaded MDIs. 17 Similar to the present study, the patients reported significantly lower values (better quality of life) in all domains than the values obtained with the conventional complete dentures. In our study the positive impact was sustained at the 1-year followup. Alfadda et al has showed that the improvement in OHQoL following rehabilitation with IODs retained by immediately loaded implants might be sustained over a 5-year follow-up period. 21 The eventual goal of any health care is to improve patient-based outcomes, namely, patients' perspective in parameters related to function, pain and discomfort as well as patients' perception of emotional and behavioural responses to health interventions. Therefore, patients' perceptions of how implant therapy contributes to their quality of life should always be considered in clinical trials. 22 The OHIP-20 could be used to evaluate negative impacts specifically related to edentulous patients and aid in the development of effective interventions for edentulous patients.
In the present study, in all cases the IODs were opposed by a conventional complete denture, eliminating the potential negative impact of forces with different magnitude of stresses as a confounding factor. The results of the present study referred to edentulous patients who had sufficient bone volume for placement of implants with a diameter of 10 mm or longer. Therefore, the results cannot be extrapolated to patients with extremely resorbed mandibles. Patients were in general satisfied with their IODs, regardless of the type of implants used or the timing of loading. One might argue, however, that this is related to the fact that all patients included in the study were dissatisfied with the retention of their conventional denture. A potential bias might have been the probability that subjects would try to avoid upsetting the clinician by indicating a greater degree of satisfaction with implant treatment. In an academic environment -elderly patients especially -might develop a degree of "friendship" toward their dentist. Therefore, some patients may have been protective of the dentist when filling out the questionnaires. 24 It might be assumed that assessments three months after delivery could affect patients' ratings in favor of the new treatment (IODs). 25 However the ratings have remained stable at the 1-year follow-up period, which might have been long enough to neutralize this "protectiveness".
With regard to the satisfaction ratings, the baseline ratings were comparable among the groups, since there were no statistically significant differences between the three groups for all domains. However, a limitation of this study might be, that for patients who received new dentures, the baseline questionnaires were completed four weeks after delivery of the new prostheses. It has been reported that fabrication of new dentures might lead to an improvement of patients' satisfaction in terms of comfort, ability to eat, and speak. 26 This period of four weeks might not have been long enough to demonstrate a potential improvement. Nevertheless, the highest ratings reported at baseline for the all satisfaction subscales were considered low enough to conclude that patients were not satisfied with their conventional dentures (for example 35 mm on the 100 mm visual analogue scale for the domain comfort) and were in accordance with the baseline values reported in other studies. 15 Even though the differences between groups with regard to the baseline ratings might become statistically significant if the sample size will be increased, they are not considered to be clinically important. Furthermore, the patients' post-treatment satisfaction ratings were much higher than the baseline ratings (in the region of 80 mm on the 100 mm visual analogue scale), regardless of the group they were allocated to. Thus, this increase in satisfaction is considered significant in terms of its clinical relevance. Although the sample size calculation was not based on the patient-based outcomes, the power of this study was considered high enough to detect statistically significant differences of a clinically meaningful magnitude in time and between the groups. 
CONCLUSIONS
The findings of this clinical trial revealed a significant improvement in patients' satisfaction and quality of life, after denture stabilization with implants, regardless of the type of implants used and the time of loading. Rehabilitation of the edentulous mandible with IODs retained either by four immediately loaded MDIs or by two standardsized, tissue level implants (immediately or delayed loaded) and a bar suprastructure resulted in equally significantly better ratings of patients' general satisfaction as well as ability to speak, comfort, aesthetics, retention and ability to chew three months after treatment. Furthermore, these patients had significantly fewer oral health-related quality of life problems following implant rehabilitation. The positive effect was evident three months post-delivery and remained stable over a period of one year. In terms of patients' satisfaction levels and quality of life mandibular overdentures retained by immediately loaded MDIs can offer an improvement of equal magnitude with the improvement achieved by overdentures retained by standard-sized implants.
